alence rates of dementia in older Malaysians were accounted for by greater proportions without education, Malay and Bumiputera ethnicity, and other unknown factors which should be further investigated.
Introduction
The numbers of people worldwide with Alzheimer's disease and other dementias are projected to double every 20 years to 81 million by 2040. The rate of increase in the number of persons with dementia is 3-4 times higher in developing countries than in developed countries [1] . Hence, despite the fact that dementia prevalence are higher in developed countries, by 2040, 71% of the world's total number of persons with dementia will be living in developing nations, the majority in China and other Asia Pacific countries. This huge and rapidly growing population of persons with dementia will place a heavy demand on health care and social services in developing countries.
The total population of Malaysia is currently 28.25 million (2010) and comprises 4.7% [2] who are aged 65 and above; however, Malaysia, in the 3rd stage of demographic transition, is 4th in the world in terms of the projected percentage growth of older persons aged 65 years and over Momtaz Dement Geriatr Cogn Disord 2010;30:533-539 534 predicted for the years 2008 to 2040 [3] . This expansion of the aged population is expected to increase the number dementia cases in the country. However, there is a lack of data on the prevalence of dementia at the national level, and little is known about the sociodemographic risk factors and health correlates of dementia in the country.
An earlier study in 1997 [4] among urban older Malays living in the capital city of Kuala Lumpur, using a 2-stage procedure (screening and diagnostic interview using GMS-AGECAT and clinician's diagnosis), reported a dementia prevalence of 6% among those aged 65 years and above, and a 12% prevalence among those aged 75 years. However, the findings from this study are limited in its geographical coverage (to only urban Kuala Lumpur) and ethnic coverage (only ethnic Malays), and little is known about the sociodemographic risk factors and health correlates of dementia in Malaysia.
Age is an established risk factor for dementia and the prevalence increases with age [5] [6] [7] [8] . Women are noted in many studies as having higher rates of dementia [4, 5, 7, 9] .
Numerous studies have shown that more years of education are associated with a lower risk of developing dementia [10, 11] . Epidemiological studies have consistently demonstrated ethnic and geographical differences in rates of dementia. Compared to countries in North America and Europe, lower rates of dementia are reported in countries in Asia and Africa, particularly China, Japan, Singapore, India and Nigeria [1] . Ethnic differences among African, Japanese and Caucasian Americans [12, 13] and among Chinese, Malay and Indian elderly in Singapore [8, 14, 15] have also been reported. Malays and Bumiputeras (indigenous people of Sabah and Sarawak) make up 65% of the multiethnic population of Malaysia, and Chinese comprise 26%, Indians 8% and other 1%, but ethnic comparison of the risks of dementia has not been investigated.
The present paper describes a nationwide study of dementia prevalence among older Malaysians, and examines the sociodemographic risk factors and health correlates of dementia. Multistage sampling was used to achieve an appropriate nationwide representation of the older population for the survey, which was proportionately distributed across the states. Informed consent was obtained from the respondents before the interview was conducted. Trained enumerators conducted face-to-face interviews with 1 family member for every household in randomly selected enumeration blocks. A selection grid was used to achieve parity in the sample's sex distribution. The final sample size was 2,980 persons. The response rate was 88%.
Methods

Survey
The Geriatric Mental State (GMS) B3 version was used in the study to assess the mental health status of the respondents. The enumerators were trained by an experienced investigator from India who was a member of the 10/66 research group. Doorto-door surveys using hand-held PDAs and hard-copy questionnaires were used in the data collection. Data from the GMS-B3 was entered into the AGECAT software program which generated diagnoses for organicity, depression and anxiety disorders on 6 levels of confidence (0-5), with levels 3 and greater representing likely cases warranting professional intervention. Copeland, Dewy and Saunders [31] noted that AGECAT diagnosis has satisfactory reliability and can be used for epidemiologic studies even without professional interviewers. Moreover, Prince at al. [16] validated the GMS-AGECAT among a poorly educated older population in developing countries and noted the shortened B3 community version of GMS provided a more valid assessment of dementia than GMS-A3. The GMS-B3 version was therefore used in our study.
Statistical Analysis Dependent Variable
The dependent variable was dementia. For this analysis, cases that met the AGECAT-GMS diagnostic algorithm for a diagnosis of organic disorder were analyzed as the dependent variable. A 2 test for dichotomous variables and Student's t tests for continuous variables were used to compare dementia and nondementia groups. Binomial logistic regression was used to estimate the odds ratios of associations yielding point estimates with 95% confidence intervals in multivariate analyses with covariate adjustment for potential confounding variables.
Independent Variables
Sociodemographic correlates and risk factors used in this analysis included age, marital status, sex, place of residence, employment status, educational attainment and ethnicity. Age was categorized into 3 age groups: 60-69 years, 70-79 years and 80 years and over. The 60-69-year group was used as the reference category. Sex was dummy-coded as male = 0 (reference category) and female = 1. Ethnicity included Malays, Bumiputeras (indigenous people), Chinese, Indians and other. Ethnic Chinese is used as the reference group. Marital status was dichotomized as married = 1, unmarried = 0 (single, divorced, widowed or separated; reference category). Educational attainment included no formal education (reference category), primary education and secondary or tertiary education. Place of residence was dichotomized to urban = 1 and rural = 0 (reference category). Employment status was categorized as employed = 1 and unemployed = 0 (reference category). Self-rated health was measured using the single question 'How would you describe your health status?', with possible answers ranging from very good (4) to very poor (1); very poor health status was used as the reference. Self-reported stroke and hypertension were dichotomized as yes = 1 and no = 0 (reference category). The level of statistical significance tests was set at p ! 0.05 with 2-tailed distribution. Data were analyzed using SPSS software for Windows (SPSS Inc., Chicago, Ill., USA).
Results
The sample consisted of 2,980 community-dwelling older Malaysians comprising 1,503 women and 1,477 men, with an average age of 70.5 years (SD = 7.22). The overall prevalence of dementia was 14.3% ( table 1 ). The prevalence rates showed a clearly increasing trend by age groups, doubling every 10 years, from 9.5% in the 60-69 age group, to 26.3% in those aged 80 and above.
Women showed a higher prevalence rate (24%) compared to men (8.8%). Among dementia cases, women (69%) outnumbered (2: 1) men (30.6%; table 2 ). Unmarried respondents (19.4%) had almost twice the prevalence rate of dementia as married respondents (10.2%), and among dementia cases, unmarried (widowed, divorced, single) persons (60%) outnumbered married respondents (40%). The prevalence rate of dementia was almost 2 times higher in rural populations (18.6%) than in urban populations (10.9%), with slightly more rural residents than urban residents among dementia cases.
Among the 3 health indices (self-reported hypertension, stroke and self-rated health status), significantly higher prevalence rates were noted among respondents with stroke (26.5%), compared to those without stroke (14.5%). The frequency of stroke among dementia cases was 3.5%, compared to 1.5% in nondementia respondents.
The prevalence of dementia was strongly correlated with self-reported health, increasing from 5.0% among those in very good health to 33.3% among those who reported very poor health. Among dementia cases, 8.8% reported very poor health.
There was a considerably higher prevalence of dementia among respondents who were unemployed (31.3%) compared to those who were employed (4.5%). Among dementia cases, about 80% were unemployed.
The risk of dementia was considerably higher among those with no formal education (24.1%), compared to those with primary (6.8%) or secondary or tertiary education (2.5%). A large majority of dementia cases were those who had no formal education (77%), in contrast to those without dementia (40%).
Among the ethnic groups, the Bumiputera (indigenous ethnic group of Sabah and Sawarak) recorded by far the highest prevalence rate of dementia (32.1%) compared to Malays (14.8%), Chinese (6.3%) or Indians (5.8%). Bumiputera ethnicity represented 20% of the cases of de- mentia, whereas its representation among nondementia cases was only 9%, which was similar to that in the general population. Binary logistic regression was used to estimate adjusted odds ratios of association with dementia for each sociodemographic and health variable in multivariate analyses that controlled mutually for differences in age, gender, education and health characteristics ( table 3 ). Marital and employment status and urban/rural residence were not independently associated with dementia after accounting for the confounding influence of age, sex, education, ethnicity and self-rated health. The significant independent variables associated with dementia in the multivariate model included older age (the odds of dementia for those aged 70-79 years was 1.5 times, and for those aged 80 years and over was about twice that of older persons aged 60-69) and sex (1.5 times more in women). Compared to no formal education, primary level education was associated with a 72% less likelihood of dementia, and higher education with an 86% less likelihood of dementia. Malays, 'other' and Bumiputeras reported high chances of getting dementia compared to Chinese. Malays and 'other' ethnic groups were twice as likely and Bumiputera were 5 times more likely to show dementia compared to Chinese. Others reported slightly higher chances than Malays. For Indians, the likelihood of dementia was not significantly different. Increasing levels of better perceived self-rated health was associated with a lower likelihood (36%) of dementia. 
Discussion
In this population-based study of 2,980 communitydwelling older persons 60 years and over, the prevalence rate of dementia in Malaysia was estimated at 14.3% overall. This estimated dementia prevalence is higher than most reports from other countries in the Asia-Pacific region, and may be explained in part by differences in sociodemographic characteristics, particularly education and ethnicity.
Multivariate analyses revealed that advancing age, female sex, level of education, ethnicity, and self-rated health were independent risk factors and correlates of dementia. These findings are in good accord with a large number of studies that have reported sociodemographic risk factors for dementia.
The higher prevalence of dementia among females found in this study was in agreement with that reported in an earlier study [4] conducted on older Malays in an urban settlement in Kuala Lumpur, which noted that females were 4 times more likely to show dementia. Similar gender differences were also reported in many studies [5, 7, 9] after adjusting for age. The higher risk of dementia for women may be explained by a life of accumulated social disadvantages in current cohorts of older Malaysians which were greater for women, i.e. a lack of educational opportunities in early life which severely hindered access to employment and personal development. Lower educational attainment and less complex occupational activities have been found to be associated with cognitive decline and dementia risks [17, 18] .
Bivariate and multivariate analyses showed that education was strongly associated with dementia and by far the most important factor contributing to elevating the prevalence of dementia in the Malaysian population. A large body of evidence consistently supports the strong association of low educational attainment with cognitive impairment and dementia [19, 20] . Low educational attainment is one indicator of socioeconomic disadvantage that may begin in early life and is associated with increased risk of dementia [17, 18] . Conversely, a high level of educational attainment is linked to better socioeconomic status and access to health care, conferring through its effect on functional health literacy more favorable risk profiles such as vascular diseases and lifestyle factors. Mental and intellectually challenging activities involved in educational and complex mental activities is recognized as having a powerful role in maintaining or enhancing brain reserve and is thus protective against the risk of dementia in old age [10] .
The estimated prevalence among Malays in this study (15%) was higher than that reported by Krishnaswamy et al. [4] in the earlier survey of Malays (6%), who were urban dwellers in Kuala Lumpur and generally had more years of education. In the present study, the large proportion of older persons with no formal education (45.4%) or primary education (44.8%) was a major contributor to the higher overall prevalence, which exceeds those of most other Asia-Pacific countries. Another main contributor to the higher dementia prevalence was the higher representation by the Malays (59%) and Bumiputeras (11%), which both have higher rates of dementia (15 and 32%) than the Chinese (6.3%) and Indians (5.8%).
Almost the same ethnic difference in dementia prevalence was reported by studies in the multiethnic population in Singapore, a neighboring country which also has Chinese, Malay and Indian ethnicities. Using the same diagnostic instrument, GMS-AGECAT [8, 15] , a higher dementia prevalence was observed for Malays (9.4%) than Chinese (4.2%), but the prevalence of dementia among Indians was also high (8.8%). The respondents in the Singapore sample (60 years and above) were similar in age (mean age 69.4), but the proportion of older persons with no formal education was lower (35%) and Chinese were the majority (75%), whereas Malays comprised 15%. In another study of older Singaporeans [14] , similar ethnic differentials in dementia rates were observed among Malays (1.6%), Chinese (1.2%) and Indians (1.9%), although it should be noted that prevalence estimates were considerably lower because of higher screening thresholds and more stringent clinical diagnoses.
In this study, results from multivariate analyses showed that ethnic differences in dementia prevalence, with ethnic Chinese showing lower prevalence of dementia compared to Malays, were not explained by differences in gender, age or education. Other probable explanations include cardiometabolic, cerebrovascular and lifestyle risks, as well as genetic factors. In our study, a higher prevalence of stroke reported within the last 12 months prior to the survey was seen among Malays (2.2%) and Bumiputeras (2.5%), compared to 0.4% for Chinese and 1.4% for Indians. However, we found that self-reports of hypertension among Malays (30%) were not higher compared to Chinese (33.1%) and Indians (35.5%), but the validity of this information is in doubt. The Institute of Public Health [21] noted the overall prevalence of hypertension for Malaysian residents aged 30 years and over was 42.6%, and ethnic Malays of both gender recorded 45.3%, which was higher than both the Chinese (40.6%) and Indians (40.0.%), but comparable to the Bumiputeras in Sabah (45.2%) and Sarawak (42.4%).
In terms of diabetes mellitus, the prevalence rates for people in the age range of 50-59 were 20-24% and the highest prevalence rate was among the 60-64 age group with 26.1%. This rate is more than double the national prevalence of 11.6%. Diabetes prevalence for Malaysians aged 18 years and above was highest among Indians (19.9%), followed by Malays (11.9%), Chinese (11.4%) and the Bumiputeras of Sabah and Sarawak (6.0%). Suriah et al. [22] studied healthy postmenopausal women and noted ethnic differences in BMI and physical activity levels. Malay females recorded significantly higher BMI than female Chinese and were also less active compared to Chinese. Moreover, 62.5% of female Chinese exercise regularly compared to only 46.5% of female Malays. Rosnah et al. [23] also noted significant differences in BMI between Malays and non-Malays, favoring the Malays. Shahar et al. [24] conducted a multidimensional assessment of nutritional and health status of rural Malay older persons and noted problems with both undernutrition and overnutrition, and also recorded a high prevalence of dyslipidemia. Comparable results on dyslipidemia among other ethnic groups is not available.
Distinct ethnic differences in the frequency of the APOE-4 allele, the gene most strongly associated with the risk of Alzheimer's disease, have been reported. This gene is least common in Chinese (13%) in comparison to Malays (20%) or Indians (24%) [25] .
Part of the ethnic differences in dementia prevalence could possibly be attributed to cultural practices that influence the onset and detection of dementia. For example, the phenomenon of 'nyanyuk' is similar to dotage and is accepted among the Malays. 'Nyanyuk' has several connotations relating to situations or behaviors. It involves feeble mindedness, being slightly crazy, and showing physical and mental weakness. The behavior manifestation of 'nyanyuk' is inappropriate infantile behavior in adults or is considered as second childhood [26] .
Results of bivariate and multivariate analyses also revealed a significant correlation between self-rated health and dementia. It is well documented that self-rated health significantly predicts mortality and functional status in old age, but its association with dementia has not been adequately studied. Yip et al. [27] in their study found that self-report of poor health was associated with increased risk of dementia. This association is noteworthy because there is strong evidence from meta-analysis that self-rated health is an independent predictor of nursing home placement [28] . Self-rated health is correlated with underlying cognitive and/or functional impairment, and is associated with lack of support and assistance in daily living.
There are limitations to this study. The accuracy of self-reports of hypertension and stroke are questionable, given the fact that undiagnosed hypertension was likely to be common, and no blood pressure measurements were made in the survey. The failure to demonstrate a significant association between self-reports of hypertension and stroke in this study is therefore not surprising. The link between blood pressure and stroke with dementia is well documented in many studies [13, 29, 30] . Other cardiovascular, metabolic and lifestyle risk factors, including leisure time activities that are known risk factors for dementia, were not examined. These factors need to be further investigated in future studies.
Malaysia is reflective of most Asia-Pacific countries where increasing life expectancies with older women outliving men will result in more women among the 'old-old' and among persons with dementia. By association, the disproportionate large numbers of nonmarried (mostly widowed) women, and unemployed persons among persons with dementia have important implications for the need of care and the availability of care options. Special attention would need to be paid to the disproportionately large numbers of Malay and Bumiputera persons with dementia. Further research is needed to elucidate the reasons behind ethnic differences in dementia prevalence and to develop intervention strategies to prevent or delay the onset of dementia.
